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[57] ABSTRACT 

A tapered tubular polyester sleeve as set forth. It has a 
large end 12 and a small end 14 with a length to be 
determined. The ratio of taper is also determined by 
scale factors. All the warp yams extend to the large end 
12. A requisite number of warp yams 16 extend the full 
length of the sleeve. Other warp yams exemplified at 
18, 22, 26, 28, 30 and 32 extend from the large end but 
are terminated along the length of the sleeve. It is then 
woven with a filling yam 40 which extends in a full 
circle along the full length of the sleeve to thereby 
define the tapered sleeve. The sleeve after fabrication is 
then placed on a mandrel 42, heated in an oven 44 and 
is thereafter placed on the arm or other limb of a space 
suit exemplified at 50. 

14 Claims, 1 Drawing Sheet 
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TAPERED, TUBULAR POLYESTER FABRIC 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The field of invention of this disclosure is a seamless 


2 

woven of polyester material and tapers from a large end 
size to a small size. Moreover, this sleeve is constructed 
so that, after weaving, it can then be placed on a sup- 
portive mandrel and then placed in an oven to be ther- 
mally shrunk. An alternative processing step is chemi- 
cally shrinking the sleeve. Thereafter, the sleeve is 
placed around the arm of a space suit to serve as a seam- 
less, pressurized tubular structure which spans an artic- 
ulated space suit arm or leg. 

In the method of manufacture, through the use of a 
standard or conventional textile loom capable of tubular 
weaving, a set of warp threads is defined extending 
from one end of the sleeve to be made thereby. Selec- 


tapered fabric sleeve. It particularly finds use as a form five warp yams are cut. The number of yarns cut and 

fitted sleeve over the arm of a space suit and the like 15 the length of yams before cutting defines the degree or 
where the arm is subject to tapering and may also bend, extent of taper. The yam threads so cut are woven into 

flex or articulate. The arm is protected by the sleeve the tapered sleeve by the filling thereby defining the 

which is fitted over it and to this end, the surrounding tapered sleeve. The next step in the process is to place 

sleeve is ideally constructed so that it contours snugly the sleeve on a supportive mandrel for thermal or chem- 

around the structure. Moreover, the sleeve can be cus- 20 i ca l shrinking the untreated material, thereby reducing 
tom sized so that the diameter at one end can be first diameter and yielding a quality seamless sleeve of ta- 

identified, the diameter of the opposite can be the same pered construction brought down to a particular set of 

or different, and the length of the sleeve between the dimensions for use with a space suit joint system, 

two ends can be varied. So to speak, the sleeve is a 

shaped trapezoid when viewed from the side in a flat- 25 BRIEF DESCRIPTION OF THE DRAWINGS 


tened state. It is preferably made of a strong material 
such as polyester and is provided with a controllable 
degree of skrinkage. In the method of processing, the 
sleeve is first woven and thereafter placed on a con- 
forming supportive mandrel for skrinkage to reduce the 30 
size of the sleeve. In this step, the material shrinks to 
yield the final sized, tapered sleeve. One mode of 
shrinkage is by placing the sleeve in an oven at elevated 
temperature; another mode of shrinkage includes wet- 
ting with methylene chloride at room temperature to 35 
chemically shrink the sleeve on the mandrel. In this 
state, it is a seamless, woven element brought down to a 
particular size and is able to slide over an arm or other 
mechanism to provide protection to it. 

2. Background Art 40 

Representative U.S. Patents thought to have a bear- 
ing on the present disclosure include U.S. Pat. No. 
4,091,464 which discloses a space suit having joints 
therein. It appears to incorporate a fiber membrane of 
aramid fibers with a laminate of neoprene. U.S. Pat. No. 45 


So that the manner in which the above recited fea- 
tures, advantages and objects of the present invention 
are attained and can be understood in detail, more par- 
ticular description of the invention, briefly summarized 
above, may be had by reference to the embodiments 
thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended draw- 
ings illustrate only typical embodiments of this inven- 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally 
effective embodiments. 

FIG. 1 is a side view of a sleeve during weaving 
showing deployment of the several yarns which make 
up the sleeve and illustrating termination of selected 
warp yarns in the sleeve; and 

FIG. 2 is a step wise processing sequence showing the 
sleeve of the present disclosure as it is placed on a man- 
drel and subsequently treated with a view of making the 
finished product which is part of a space suit joint sys- 


2,998,030 at Columns 1 and 2 is directed to a method of 


tern. 


weaving. U.S. Pat. No. 3,094,762 discloses heat shrink- 
ing of TFE tubing. U.S. Pat. No. 3,606,656 discloses a 
woven fabric with heat shrinking of selected fibers 
while U.S. Pat. No. 3,669,157 shows heat skrinking of a 
woven tubular fabric. In addition to these, U.S. Pat. No. 
3,719,212 shows fabric woven on a mandrel. U.S. Pat. 
No. 4,025,684 is directed to a woven tubular fabric 
coated with plastics or synthetic rubbers. Last of all, 
U.S. Pat. No. 4,147,822 shows a resin impregnated, 
woven fabric in the composite or layered structure. It 
would appear that none of the art discussed above 
teaches the described structure or the method of manu- 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Attention is directed to FIG. 1 of the drawings where 
the numeral 10 identifies a sleeve which is constructed 
in accordance with the present disclosure. It is shown at 
a stage where weaving takes place to assemble the 
sleeve out of polyester yarn. The sleeve is shown out of 
the textile loom for ease of description. Textile looms of 
the sort necessary to weave tubular sleeves are well 
known. Such a textile loom forms sleeves of requisite 
dimensions. In this instance, the textile loom is equipped 


facture thereof. 


with polyester yam to obtain the sleeve of the present 


SUMMARY OF THE INVENTION 

The present invention is summarized as both a 
method of manufacture and a product made thereby. 
The product is a tapered sleeve which is first formed 
with a specified diameter at one end, a different diame- 65 
ter at the opposite end and a specified length between 
the two ends. It is shaped in the fashion of a trapezoid 
when considered flat but it is a hollow tubular sleeve 


disclosure. 

Considering now the sleeve shown in FIG. 1 of the 
drawings, it is in the form of a tubular member or sleeve 
10 which has a large diameter end 12. The opposite end 
is identified by the numeral 14 and it is smaller than the 
end 12. At the time of setting up the textile loom to 
weave the sleeve 10, several warp yarns are placed in it. 
One such typical full length warp yarn is identified by 
the numeral 16. This represents several warp yarns 



3 

which extend the full length of the sleeve from end to 
end. Thus, if the sleeve were one meter in length, the 
warp yam 16 would be one meter in length. The diame- 
ter of the yarn is subject to variation so long as a diame- 
ter is selected which can be handled by the textile loom 
which weaves the sleeve 10. The yarn 16 extends the 
full length of the sleeve. 

Warp yarns are spaced evenly around the sleeve in 
typical fashion. The ends per inch are thus defined by 
the required spacing for yams in the sleeve. This can 
vary over a range depending on the size of yam, thick- 
ness of the finished fabric, and other scale factors well 
known. The sleeve 10 is thus formed with several warp 
yams 16 extending the full length of the sleeve. In con- 
trast with that particular warp yam, another warp yam 
18 extends along the sleeve but is terminated at an end 
location 20. For instance, it can have a length which is 
90% of the length of the sleeve 10. The yam 18 is termi- 
nated at the point 20, it being understood that the yam 
18 can be replicated in the sleeve 10. Further, another 
warp yam 22 terminates at a point 24. The yams 18 and 
22 are different in length. Proceeding further, yams 26, 
28, 30 and 32 are all shorter yet. Many shorter warp 
yarns thus define the amount of taper. If the taper is to 
be severe, then a large number of short yams is used. 
That is, along the entire length of sleeve 10, yams are 
terminated at spaced locations so that the number of 
threads is reduced something in a linear fashion along 
the length of the tubular sleeve to yield the necessary 
taper. By contrast, if the taper is not severe, the full 
length yams 16 are increased while the number of short- 
ened yams is decreased. In other words, once the di- 
mensions of the tapered sleeve are known, this is imple- 
mented by first selecting the relative percentage of 
yams which are full length as typified by the yam 16. 
For instance, this percentage can be 100% to define a 
sleeve with no taper or can be 25% to define a sleeve 
wherein the smaller end is approximately one fourth the 
size of the larger end of the sleeve. Perhaps an example 
will aid in this description. Assume a sleeve which has 
5,000 yams at the large end 12. Assume further that the 
sleeve is to be one meter in length. Assume also that the 
sleeve is to taper to half the large diameter. In that 
event, 50% of the yams in the sleeve will extend the full 
length as does the yam 16. In this particular example 
2,500 of the yarns will extend the full length of the 
sleeve. The remaining 2,500 yams will then terminate 
evenly along the one meter length of the sleeve. This 
requires that the 2,500 yams terminate in the 100 centi- 
meters (the length of the sleeve) or that 25 yams termi- 
nate in each centimeter. In this example, this would then 
require 2,500 yams of shortened length evenly distrib- 
uted along the sleeve 10. In other words, the 2,500 
shortened yams would be evenly distributed along the 
sleeve length. 

An important factor to note is that the shortened 
yams are mixed evenly in with the full length yams 16. 
To this end, they are mixed and scattered so that they 
do not collectively terminate at batched locations. This 
avoids creating an irregularity in the surface of the 
woven fabric when finished. 

In the conventional textile loom which is available 
for forming such a woven tubular member, the several 
yarns which make up the warp of the sleeve are thus 
placed in the textile loom, including both full length 
yarns and those which are shortened as described 
above, and the loom is then operated to place the filling 
yarn 40 through the warp yarns. That is, the filling yarn 
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40 is woven in a repeated circle from one end of the 
sleeve to the other. The filling yarn weaving process is 
believed to be well known for standard textile looms. 
Suffice it to say that the filling yarn 40 is woven until 

5 the full length of the sleeve is defined. In actuality, it 
might be desirable to weave the sleeve even longer than 
the desired length to permit trimming of the finished 
product. Weaving thus forms the sleeve shown in FIG. 
1 so that it is a completed product devoid of seams. As 

10 desired, the woven sleeve is removed from the textile 
loom and then has the form shown in FIG. 1. Depend- 
ing on dimensions and the stiffness of the yarn, the 
sleeve has a stiffness and weight which is subject to 
control at the time of selection of dimensions, yarn 

15 count and other scale factors relating to the finished 
product. In summary, the sleeve structure shown in 
FIG. 1 is woven to provide the defined sleeve. 

The sleeve 10 shown in FIG. 1 is next processed in 
the manner best illustrated in FIG. 2. The sleeve is 

20 

supported on a mandrel 42. This holds the sleeve in the 
desired shape and also keeps the sleeve from folding. 
The sleeve and mandrel are then placed in an oven 44 
and heated to a specified temperature and for a required 
duration. As stated earlier, the sleeve can also be shrunk 
chemically by wetting with methylene chloride at ambi- 
ent temperature causing the fabric to shrink to the con- 
tour of the mandrel. After shrinking, the sleeve can 
thereafter be removed from the mandrel 42. The sleeve 

30 then is ready to be placed over a portion of a space suit 
such as the arm 50 illustrated in FIG. 2. The sleeve then 
has a proper taper and a length to permit it to be placed 
over the arm to cover the joint thereof and to provide 
necessary protection to the space suit arm. 

35 As will be understood from the description given 
above, several scale factors can be modified and 
changed in the fabrication of the sleeve. The tapered 
tubular polyester fabric sleeve is woven to selected 
scale. While the foregoing is directed to the preferred 

40 embodiment, the scope is determined by the claims 
which follow. 

We claim: 

1. A method of forming a protective sleeve for a 
space suit limb comprising the steps of: 

45 (a) positioning for weaving a set of parallel warp 

yams having a length at least equal to that of the 
sleeve to be made; 

(b) cutting a selected portion of the warp yarns short 
of the full length of the sleeve wherein all the yarns 

50 extend from one end and the number and length of 
cut yams determines the extent of taper of the 
sleeve when finished; 

(c) weaving the sleeve with the filling yam until the 
sleeve has been completed; and 

55 (d) heating the sleeve to shrink the sleeve to a requi- 

site size to thereby obtain a seamless sleeve for 
subsequent fitting over limbs of a space suit. 

2. The method of claim 1 wherein the sleeve is ta- 
pered by determining the ratio of the size of the small 

60 end to the large end of the sleeve and terminating that 
portion of yarns in a distributed pattern along the length 
of the sleeve. 

3. The method of claim 2 including the step of weav- 
ing the filling of a continuous yarn. 

65 4. The method of claim 3 including the subsequent 

step of placing the sleeve after weaving on a support 
mandrel of tapered construction which avoids folding 
of the sleeve prior to heating for shrinking of the sleeve. 
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5. The method of claim 4 including the step of placing 
the sleeve over a limb of a space suit. 

6. The method of claim 5 including the step of weav- 
ing the sleeve of polyester yam. 

7. A method of forming a protective sleeve for a 
space suit limb comprising the steps of: 

(a) positioning for weaving a set of parallel warp 
yams having a length at least equal to that of the 
sleeve to be made; 

(b) cutting a selected portion of the warp yams short 
of the full length of the sleeve wherein all the yams 
extend from one end and the number and length of 
cut yams determines the extent of taper of the 
sleeve when finished; 

(c) weaving the sleeve with the filling yam until the 
sleeve has been completed; and 

(d) chemically shrinking the sleeve to a requisite size 
to thereby obtain a seamless sleeve for subsequent 
fitting over limbs of a space suit. 

8. The method of claim 7 wherein the sleeve is ta- 
pered by determining the ratio of the size of the small 
end to the large end of the sleeve and terminating that 
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portion of yams in a distributed pattern along the length 
of the sleeve. 

9. The method of claim 8 including the step of weav- 
ing the filling of a continuous thread. 

10. The method of claim 9 including the subsequent 
step of placing the sleeve after weaving on a support 
mandrel of tapered construction which avoids folding 
of the sleeve prior to shrinking of the sleeve. 

11. The method of claim 10 including the step of 
10 placing the sleeve over a limb of a space suit. 

12. The method of claim 11 including the step of 
weaving the sleeve of polyester yam. 

13. A tapered shrinkable sleeve comprising an elon- 
gate tubular sleeve having a large end and a small end 

15 defined by a set of warp yams all extending from the 
large end of the sleeve, and wherein selected of the 
warp yarns around the sleeve are terminated without 
extending to the small end, said warp yarns being 
woven with a filling yam in circular deployment there- 
20 around to yield a seamless sleeve. 

14. The sleeve of claim 13 wherein the yams are 
shrinkable polyester yam having a yarn density suffi- 
cient that, on shrinkage, a solid fabric is formed. 

***** 
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